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Abstract	  
 
This master thesis seeks to propose an optimization of the technical building code and the way buildings 
are constructed. The main objective is to help reduce the energy use and the CO2 emissions from buildings 
during its whole lifecycle. This thesis will discuss possible models on how to optimize the design of 
Nearly Zero Energy Buildings (NZEB) using European and international standards.  However, as opposed 
to the NZEB definition published by the EU, embodied energy and emissions from materials and products 
will also be taken into account.  
Emissions from a building can be divided in two categories. Emissions from the materials in the 
construction phase on one hand, and from operational energy use on the other hand. An important part of 
the emissions due to materials occur during the construction phase, whereas emissions related to 
operational energy occur little by little every year during operational years. But it is important to count 
emissions from materials during the operational years, which will occur when the building is maintained, 
repaired and refurbished. The frequency of replacing the various components is shown in the last chapter. 
It is also important to take into account end-of-life and waste handling of substituted products. Whether 
operational energy or embodied energy in materials contributes most to buildings emissions depends on 
the choice of materials and products, the choice and availability of energy supply and the energy 
performance of the building envelope. Local climate conditions and available local energy sources also 
play a very important part.  
A shift in focus from operational energy use to lifecycle energy use could help us make better design 
decisions for our buildings. If the aim is to reduce the overall greenhouse gas emissions and reduce the 
environmental impact over the lifecycle of a building, one could argue that it could be more efficient to 
use less and locally produced construction products, rather than having high weight and volume products 
being transported across the globe. By comparing LCA assessments and calculated energy need over the 
lifecycle we can optimize building design and hereby reduce the overall greenhouse gas emissions. 
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Abstract	  
  
Este tesis busca proponer una optimación del Código técnico y el manera que se construyen los edificios. 
El objetivo general es ayudar en reducir el consumo de energía  y los emisiones de CO2 durante todo su 
ciclo de vida. Este tesis discutirá  posibles modelos para optimizar el diseño del los edificios de consume 
casi nulo usando estándares Europeos e internacionales. Sin embargo, en contrario a la definición de los 
edificios de consume casi nulo de la UE, también se va a tener en cuenta la energía y emisiones 
incorporadas en los materiales y productos de construcción. 
Un cambio desde el punto de vista de solamente enfocar en energía usada durante la vida operacional del 
edificio a incluir la energía consumida durante toda su vida útil, nos podrá ayudar en tomar mejores 
decisiones mientras diseñamos nuestros edificios. Comparando e integrando ACVs con cálculos de uso de 
energía durante todo el ciclo de vida nos podremos optimizar el diseño de los edificios and así reducir los 
emisiones de gases de invernadero 
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Summary	  
 
The European Union stated in the EPBD that all new buildings should be so-called nearly zero energy 
buildings (NZEB) by 2020. The overlaying definition says that the buildings should have a very low 
energy need and that the nearly zero or very low amount of energy required should be covered to a very 
significant extent by energy from renewable sources. 
The directive says that the minimum requirements set by member states should be set at a cost-optimal 
level. This means taking into account the costs for construction and the energy costs throughout its 
economic lifecycle. It does not take into account effects from the embodied energy found in construction 
products. The entire focus is set on the energy used during the operation of the building. 
Several stakeholders have raised their concerns regarding the amount of embodied energy in nearly zero 
energy buildings. Also the technical complexity of the buildings is being debated, especially regarding 
residential buildings where there is no professional operator.  
As a Master student at the Institute of Sustainability at the UPC, the main goal of my master thesis was to 
find out whether it is possible to increase the overall sustainability in the technical building requirements 
and how it could be solved. I would like to thank my tutor Alejandro Josa for his guidance as well as my 
co-students and professors at the program for Master in Sustainability for making my years at the UPC 
such a unique experience. 
 
Universitat Politècnica de Catalunya 
Barcelona, January 2016 
Martin Strand 
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List	  of	  abbreviations	  
 
CO2  Carbon dioxide 
CO2-eq  Carbon dioxide equivalent 
EPBD  Energy performance of buildings directive 
EPD   Environmental Product Declaration 
EU   European Union 
ISO  International Organization for Standardization 
LCA  Life Cycle Assessment 
NS   Norwegian Standard 
NS 3700 Norwegian Standard for passive houses - residential building 
NS 3701 Norwegian Standard for passive houses – non-residential buildings 
NZEB  Nearly Zero Energy Buildings 
PCR  Product Category Rule 
UCTE   Union for the Coordination of the Transmission of Electricity 
ZEB  Zero Emission Buildings 
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Introduction	  
The European Union stated in the EPBD that all new buildings should be so-called nearly zero energy 
buildings (NZEB) by 2020. The overlaying definition says that the buildings should have a very low 
energy need and that the nearly zero or very low amount of energy required should be covered to a very 
significant extent by energy from renewable sources. 
The directive says that the minimum requirements set by member states should be set at a cost-optimal 
level. This means taking into account the costs for construction and the energy costs throughout its 
economic lifecycle. It does not take into account effects from the embodied energy found in construction 
products. The entire focus is set on the energy used during the operation of the building. 
Several stakeholders have raised their concerns regarding the amount of embodied energy in nearly zero 
energy buildings. Also the technical complexity of the buildings is being debated, especially regarding 
residential buildings where there is no professional operator. However, this will not be a part of this thesis. 
Energy use in buildings represents about 40% of the EU's total final energy consumption and CO2 
emissions. Buildings are long-term assets useful for 50 or more years and 75-90% of those standing today 
are expected to remain in use in 2050. Following the introduction of efficiency requirements in building 
codes, new buildings today consume only half as much as typical buildings from the 1980s. Reducing 
emissions from the building sector is crucial to decarbonize and tackle climate change. One could argue 
that this reduction could be done using less materials or materials with less emissions rather than reducing 
the energy use during operation. However the source of energy for heating and cooling purposes varies 
strongly from country to country due to the energy systems prevalent in the various European countries. 
This varies from various eastern European countries depending entirely on fossil energy sources to 
Norway being mostly dependent on hydropower. Reducing the EU/EEAs need for importing energy from 
outside its own continent is another important argument for reducing energy in the use face, as the energy 
markets are highly unstable as well as being self dependent on energy has very high value as a security 
policy measure. 
A shift in focus from operational energy use to lifecycle energy use could help us make better design 
decisions for our buildings. If the aim is to reduce the overall greenhouse gas emissions and reduce the 
environmental impact over the lifecycle of a building, one could argue that it could be more efficient to 
use less and locally produced construction products, rather than having high weight and volume products 
being transported across the globe. By comparing LCA assessments and calculated energy need over the 
lifecycle we can optimize building design and hereby reduce the overall greenhouse gas emissions. 
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Objective	  
The objective of this master thesis is to propose an optimization of the technical building code and the 
way buildings are constructed. The main objective is to help reduce the energy use and the CO2 emissions 
from buildings during its whole lifecycle. This thesis will discuss possible models on how to optimize the 
design of Nearly Zero Energy Buildings (NZEB) using European and international standards.  However, 
as opposed to the NZEB definition published by the EU, embodied energy and emissions from materials 
and products will also be taken into account.  
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Methodology	  
This master thesis will combine the knowledge taken from life cycle assessments and combine it with a 
series of energy performance calculations in order to find the optimal framework for defining nearly zero 
energy building requirements taking into account embodied energy and emissions. This may very well be 
the next step for building regulations after the NZEB regulations have been implemented over Europe by 
2020. 
	  
Description	  of	  Life	  Cycle	  Assessments	  
The Life Cycle Assessment (LCA) framework is defined by the International Organization for 
Standardization (ISO) in the ISO 14040 standard (ISO 14040:2006 Environmental management -- Life 
cycle assessment -- Principles and framework). LCA addresses the environmental aspects and potential 
environmental impacts throughout a product or a systems life cycle. The entire life cycle of the defined 
product or system is studied and consists of several phases: production (raw material extraction and 
acquisition, through energy and material production and manufacturing), use, end of life treatment and 
final disposal.  
LCA generally does not take into account social or economic aspects, neither does it take into account 
aspects such as indoor climate and comfort for the users of what product or complex that is being analyzed 
within the framework. Therefore, LCA cannot be the only factor to determine how the building 
regulations should be in the future. 
Environmental	  Product	  Declarations	  
To be able to carry out comparable analyzes it is important to use standardized methods. Using data from 
EPDs, environmental product declarations, is key in this process. The requirements for how to develop an 
EPD is defined in the international standard ISO-14025 Environmental Labels and Declarations Type III. 
An EPD is made on the basis of a LCA as defined by ISO 14040-14044. The product category rules for 
building products are developed according to the EN 15804 Sustainability of construction works - 
Environmental product declarations - Core rules for the product category of construction products  
The standardized methods that ensure that environmental information within the same product category 
can be compared from product to product, regardless of region or country. The aim is that the potential 
user of the products can compare the environmental profiles and be able to assess and make a choice 
based on de environmental declaration. You can develop EPDs for everything from office furniture, 
cleaning services and electricity for heating to traditional materials such as cement, bricks and thermal 
insulation. Independently verified EPDs ensures environmental information according to the four 
requirements for an EPD; objectivity, comparability, credibility and addability. (EPD-NORGE.NO, 2015) 
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Unfortunately for building developers and designers it is not mandatory for a product to be followed by an 
EPD, unlike CE-marking and declaration of performance (DoP) which is mandatory for products covered 
by a harmonized product standard under the European Construction Product Regulation (CPR). 
Development of EPDs are therefore driven by voluntary organizations in the different countries, as well as 
projects where there is to be developed a BREEAM or LEED certification. Product manufacturers are also 
beginning to use the EPD as a marketing tool, as it can be interpreted to be a kind of eco-label. However 
this is not correct as the EPD is a description of the environmental impact of a product rather than a 
certification or recommendation. 
Using EPDs during the LCA studies makes it easier to assess more complex systems such as a complete 
building. The EPDs provides higher quality and more accurate information for construction products than 
the general databases, public or private, using average values.  
Applying	  LCA	  methodology	  
There has been developed vast range of LCA software over the years. They vary from sector specific 
software such as BEES (released by NIST, USA), SBS (Fraunhofer, Germany),  Elodie (CSTB, France) 
and  Klimagassregnskap.no (Statsbygg, Norway) to general software such as GaBi (PE International, 
Germany) and SimaPro (Pré Consultants, The Netherlands). The general software’s demands more from 
its users, but the results tend to be more accurate, reliable and comparable than the specific software for 
the building sector. The general software is also connected to more updated databases such as EcoInvent. 
With over 10,000 LCI datasets in the areas of energy supply, agriculture, transport, biofuels and 
biomaterials, bulk and specialty chemicals, construction materials, packaging materials, basic and precious 
metals, metals processing, ICT and electronics, dairy, wood, and waste treatment, ecoinvent v3.1 is one of 
the most extensive international LCI databases. (PRé Consultants, 2015) 
 
Uncertainty	  regarding	  LCA	  
There are several possible uncertainties that might occur while performing an LCA, and while adding 
different LCAs together for a LCA for a complex building, this uncertainties might result in very 
inaccurate calculations. On the other hand, having to perform LCAs for each component in a building is 
very time consuming, and as more and more products come with EPDs, it is recommended that developers 
and builders demand only products with an EPD to be used. This will in its full extent work as the best 
incentive possible for all manufacturers to develop EPDs for their products. Even though databases like 
ecoinvent are continuously updated and improved with probability distribution for all data, the consultant 
performing the LCA will have to choose between them. (A. Ciroth, 2006). 
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BREEAM	  
BREEAM (Building Research Establishment Environmental Assessment Methodology) is an assessment 
methodology and certification system established by The Building Research Establishment (BRE) in 
1990. Initially limited to new office buildings in the UK, the BREEAM methodology now covers a vast 
range of new buildings in and outside the UK, as well as communities, refurbishments and in-use 
assessments. Other countries like Norway and Spain has also developed its very own adaption of the new 
building assessment methodology.  
BREEAM aims at achieving a decrease in the environmental impacts of a building and at increasing its 
environmental benefits and value for its owners and developers. An environmental rating is calculated by 
awarding points for meeting the requirements within a set of categories. These categories are weighted 
differently according to its environmental importance. The weighting is defined in the following table. 
Table 1: BREEAM Environmental section weightings 
Environmental section Weighting 
Management 12% 
Health & Wellbeing 15% 
Energy 19% 
Transport 8% 
Water 6% 
Materials 12.5% 
Waste 7.5% 
Land Use & Ecology 10% 
Pollution 10% 
Total 100% 
Innovation (additional) 10% 
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When the rating has been calculated, the building is rewarded a certification with respect to its result as 
shown in the table below. 
Table 2: BREEAM rating benchmarks 
BREEAM Rating % score 
OUTSTANDING ≥ 85 
EXCELLENT ≥ 70 
VERY GOOD ≥55 
GOOD ≥ 45 
PASS ≥ 30 
UNCLASSIFIED < 30 
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LEED	  
The US Green Building Council (USGB) was formed in 1993 and started to create a system to define and 
measure green buildings. LEED (Leadership in Energy and Environmental Design) was developed by a 
multidisciplinary group of experts including architects, realtors, a building owner, a lawyer, an 
environmentalist and industry representatives (Seintou Antonia, 2012) It is a voluntary building rating 
system that evaluates the buildings environmental performance and sets the standards for what a green 
building is. 
Since the first LEED system was published it has been expanded and improved several times. It provides a 
holistic building approach by measuring sustainability in six categories:  
-Sustainable site development  
-Water efficiency  
-Energy and atmosphere  
-Materials and resources  
-Indoor environmental quality  
-Innovation and design process  
There are 100 possible base points distributed across the six credit categories. Up to 10 additional points 
may be earned; four additional points may be received for Regional Priority Credits and six additional 
points for Innovation in Design.  
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While LEED started as one standard for new construction to a comprehensive system of interrelated 
standards covering aspects from the design and construction to the maintenance and operation of 
buildings. The system has been expanded to include a vast range of building types. Five overarching 
categories now cover the different building types that are covered by LEED version 4. 
 
1. Green Building Design & Construction 
LEED for New Construction 
LEED for Core & Shell 
LEED for Schools 
LEED for Retail: New Construction and Major Renovations 
LEED for Healthcare 
2. Green Interior Design & Construction 
LEED for Commercial Interiors 
LEED for Retail: Commercial Interiors 
3. Green Building Operations & Maintenance 
LEED for Existing Buildings: Operations & Maintenance 
4. Green Neighborhood Development 
LEED for Neighborhood Development 
5. Green Home Design and Construction 
LEED for Homes 
 
BREEAM	  vs.	  LEED	  
 
The main difference between the two methods is the process of certification. BREEAM has trained 
assessors who assess the evidence against the credit criteria and report it to the BRE, who validate the 
assessment and issue the certificate. While LEED does not require training, there is a credit available if an 
accredited professional is used. The role of the AP is to help gather the evidence and advise the client. The 
evidence is then submitted to the US-Green Building Council, which does the assessment and issues the 
certificate. Building requirements set at a specific score within LEED or BREEAM might be the reality in 
the future, when more sustainability will be demanded from the construction industry. Although there is a 
long road ahead for that to become a reality, it is safe to say that both schemes drive the market to improve 
building design.   
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Energy	  Performance	  Calculations	  
 
The overarching standard EN 15603 and its related standards has been and are continued to be developed 
by CEN and its members. These standards should be used all over Europe when calculating the energy 
need, delivered energy and the primary energy consumption. The purpose of the standard is to:  
a) collate results from other standards that calculate energy use for specific services within a building;  
b) account for energy generated in the building, some of which may be exported for use elsewhere;  
c) present a summary of the overall energy use of the building in tabular form;  
d) provide energy ratings based on primary energy, carbon dioxide emission or other parameters defined 
by national energy policy;  
e) establish general principles for the calculation of primary energy factors and carbon emission 
coefficients. This standard defines the energy services to be taken into account for setting energy 
performance ratings for planned and existing buildings, and provides for this:  
f) method to compute the standard calculated energy rating, a standard energy use that does not depend on 
occupant behaviour, actual weather and other actual (environment or indoor) conditions;  
g) method to assess the measured energy rating, based on the delivered and exported energy;  
h) methodology to improve confidence in the building calculation model by comparison with actual 
energy use;  
i) method to assess the energy effectiveness of possible improvements.  
The standard is applicable to a part of a building (e.g. flat), a whole building, or several buildings. It is up 
to national bodies to define under which conditions, for which purposes and for which types of buildings 
the various ratings apply. This standard handles the energy performance of a building as a whole. (CEN, 
2008) 
Standards Norway, the Norwegian standardization body has developed a Norwegian adaption of the 
standard, and the relevant corresponding standards. This standard is called NS 3031 and is the basis for all 
energy performance calculations done in Norway whether the software SIMIEN or TEK Sjekk is chosen 
as simulation software. 
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In this thesis the Microsoft Excel based simulation tool TEK Sjekk (Sintef Byggforsk, 2015) has been 
used for energy simulation and to check the impact of changing one specific component. Such as 
sensitivity analysis is described in the Cost-Optimal Regulation (EU, 2012) as a help for member states 
who are trying to determine the cost-optimal set of requirements for their country. However, such methods 
does not take into account technical issues that will have to be solved when changing one parameter to the 
extreme. In some cases very thick roofs on small family houses may need more structural support than 
they usually would need, this again may lead to a worse thermal performance of the walls. Regarding 
ventilation, it is important to remember that the SFP, air volume and heat recovery rate is closely attached 
to each other. (Mysen et al, 2014) 
 	  
 17 
Minimum	  energy	  performance	  requirements	  in	  Norway	  
Norway is through the EEA agreement obliged to follow a vast majority of EU regulations if relevant to 
the EEA agreement. The veto against regulations has yet to be used. Norway has adopted the Renewable 
Energy Directive, which sets three main goals called the 202020 targets for 2020: a 20% reduction in 
greenhouse gas emissions, 20% renewable energy and 20% energy efficiency by 2020 (UNEP, 2015). 
Norway also adopted the first Energy performance of buildings directive (2002/91/EC) a few years later 
than the rest of the European Union. It was finally fully adopted in 2010. The recast of this directive is 
underway of being adopted. Therefore, Norway uses the same principles and framework as the EU when 
setting the minimum requirements for energy use in building. The latest revision of the energy 
performance requirements was published at the end of 2015.  
The Norwegian regulations on technical requirements for building works (TEK), has one option for how 
to fulfill the requirements for non-residential buildings, whereas for residential buildings there is also a 
second, simpler method one can use if desired. This is due to demands from the construction industry and 
the general public. 
The first option contains specific energy limits for different building types. The requirements are set in 
kWh/m2 energy demand per year within the building envelope, considering heat recovery from ventilation 
systems, but not considering system losses and energy export. If this option is chosen, one must also fulfill 
a set of absolute minimum requirements. Energy demands for lighting, hot water and all technical 
equipment are also considered, but so far only standard values are applied in the calculations. 
The second option for residential buildings addresses different components of the building envelope, as 
well as technical installations and solutions. The requirements will be considered fulfilled if it is shown 
that 9 specific energy measures are applied. In addition to requirements concerning insulation and 
envelope air tightness, there are specific requirements for the heat recovery of ventilation air in the 
ventilation apparatus (yearly mean heat recovery rate), the SFP factor (specific fan power),  
Requirements for an environmentally friendly energy supply for heat purposes are an important, 
supplementary part of the regulations. There are no requirements set in terms of primary energy use. 
Heating installations based on fossil fuels are not allowed. Biofuels are allowed. Buildings with a heated 
floor area above 1000 m2 must install energy flexible heating systems if they do not meet with passive 
house criteria. 
Voluntary passive house standards exist, NS 3700 for residential buildings, and NS 3701 for non-
residential buildings. Every year the number of buildings built according to these standards is increasing. 
However, building according to these standards implicates an extra cost. In Norway BREEAM is the 
leading LCA certification system and LEED is not commonly used. 
Brunklaus et al studied in total 3 passive houses and 4 conventional in Sweden houses showed that 
conventional houses can have lower CO2 emissions over its life cycle than passive buildings. This depends 
to a large extent on which electricity mix is used when producing the materials and which electricity mix 
is used to cover the heating needs in a passive house building. For conventional houses district heating 
was chosen as the source of heating energy. When undergoing refurbishment passive houses also have 
higher emissions than conventional houses.   
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To calculate the energy performance of buildings there has been developed a specific standard, the NS 
3031, based on the European overarching standard EN 15603 and its underlying standards. NS 3031 is 
adapted to Norwegian conditions and simplifies how to perform energy calculations. A few local 
softwares such as SIMIEN and TEK-SJEKK can be used to perform the calculations. NS 3031 has fixed 
values for most appliances, lightning, hot water and occupancy load, therefore there are only a few 
parameters which one can change in order to improve the technical performance of the building while 
calculating, such as the building envelope, solar gains, shading as well as heating and cooling systems. 
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The Norwegian energy requirements are set with regard to 13 different building categories. Indicatively, 
the table below shows the progress over time of certain aspects that are necessary to fulfill the Norwegian 
minimum energy requirements, for commercial buildings, single-family houses and apartment buildings.  
Requirement 1997 2010 
(after EPBD 
Directive 
2002/91/EC) 
2015 
Specific requirements 
only applicable for 
residential buildings  
Net energy demand 
(kWh/m2 year) 
- Single- family 
house: 120 + 
1,600/m2 heated 
floor area 
Single- family house: 
100 + 1,600/m2 heated 
floor area  
Apartment: 115 Apartment: 95 
Commercial 
building: 150 
Commercial building: 
115 
Maximum area of glass plus 
doors 
20% of  heated 
floor area 
20% of heated floor 
area 
No requirement 
Max U-value: exterior wall 
W/(m2K) 
0.22  0.18  0.18 (only applicable to 
residential buildings) 
Max U-value: roof  
W/(m2K) 
0.15  0.13  0.13 (only applicable to 
residential buildings) 
Max U-value: exposed floors 
W/(m2K) 
0.15  0.15  0.10 (only applicable to 
residential buildings) 
Max U-value: glass/doors 
W/(m2K) 
1.6  1.2  0,8 (only applicable to 
residential buildings) 
Thermal bridges 
W/(mK) 
- Single-family house: 
0.03 
0,07 (only applicable to 
residential buildings) 
Other buildings: 0.06  
Minimum efficiency of heat 
recovery in ventilation air 
60% Dwellings: 70% 80% (residential)  
Commercial 
building: 80% 
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 Table 3: Norwegian energy performance requirements 
In addition to the requirements specified in the above table, there are some specific requirements 
regarding energy supply. Fossil fuel boilers are not allowed. Secondly, all buildings with a heated floor 
area above 1000 m2 should have energy flexible heating systems covering at least 50% of its heat 
demand. In practice this means either air-based or hydronic heating. The source of energy is not regulated 
but the installations must be designed in such a manner that is possible to change from for example an 
electric boiler to heat pumps or solar collectors in the future.  
 	  
Minimum Air tightness Single-family 
house: 4.0 
Single-family house: 
2.5 
0,06 (residential) 
(Max Air changes/hour at 50 
Pa pressure difference) 
Other buildings 
(with more than 
two floors): 1.5 
Other buildings 
(with more than two 
floors): 1.5 
0,6 (residential) 
Max SFP factor 
kW/(m3/s) 
- Dwellings: 2.5  1,5 (residential) 
Commercial 
building: 2.0  
 
Max screening factor for 
glass/window (gt) 
- 0.15 (all buildings) - 
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NS	  3700	  –	  The	  Passive	  House	  standard	  
 
The Norwegian Passive House standard found its inspiration in the German Passive House concept 
developed in the early 1990s. The German passive house concepts defines buildings complying with the 
following requirements as passive houses: 
• The building must be designed to have an annual heating and cooling demand as calculated with 
the Passivhaus Planning Package of not more than 15 kWh/m2 (4,755 BTU/sq ft; 5.017 MJ/sq ft) 
per year in heating or cooling energy OR be designed with a peak heat load of 10 W/m2 (1.2 
hp/1000 sq ft) 
• Total primary energy (source energy for electricity, etc.) consumption (primary energy for 
heating, hot water and electricity) must not be more than 120 kWh/m2 (38,040 BTU/sq ft; 40.13 
MJ/sq ft) per year 
• Air leakage must be equal to or lower than 0.6 times the house volume per hour (n50 ≤ 0.6 / hour) 
at 50 Pa (0.0073 psi) as tested by a blower door 
(Passivhaus Institut, 1996) 
 
The Norwegian requirements as described in NS 3700 – residential buildings are slightly different 
than the originals. There are four requirements that must be met: 
1. The first requirement is regarding heat loss from the building envelope: 
 
Building size Heat loss from building envelope 
Below 100 m2 0,60 W/ (m2*K) 
Between 100 og 250 m2 0,55 W/ (m2*K) 
Above 250 m2 0,50 W/ (m2*K) 
Table 4: Heat loss requirements in NS 3700 
 
2. The second requirement is related to heating needs: 
The heating needs are highly dependent on the size of the building and its geographical location. The 
standard takes both parameters into account. For residential buildings with more than 250 m2 heated floor 
area the heating demand should not exceed 15 kWh/m2 and for smaller buildings this requirement is 
adjusted. The requirement is also adjusted for buildings built in climatic zones cooler than the standard 
Oslo-climate, which has a average annual temperature at 6,3 °C. 
 
3. There is a requirement for energy supply. 
At least 50% of the hot water in a passive house should be heated without the use of direct electricity or 
fossil fuels. A thermal solar collector will make the building reach the requirement, as will heat pumps. 
 
     4. Minimum requirements for passive building components and the ventilation system.  
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Energy	  system	  in	  Norway	  (EL-­‐heating-­‐cooling)	  
The energy prices in Norway are fairly low compared to the rest of the European continent. Norway is 
also a net electricity exporter, with most of its electricity based on hydropower, 99% of the production 
mix,   
As stated in the report by I. Hanssen-Bauer et al (2015) the Norwegian climate will become warmer, have 
increased amount of precipitation during the year and have more frequent and larger floods than before. It 
is therefore natural to assume that there will be produced more electricity and that power shortages will 
occur very seldom. One can also assume that the electricity price will remain low and maybe even become 
even lower due to overproduction. 
It is however common to use Scandinavian electricity mix in life cycle assessments as this mix is 
preloaded in software such as SimaPro. 
 
 
 
Graphic 1 .An overview of the most common electricity mixes be used in Norwegian LCAs 
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The high impact the chosen electricity mix can have on an LCA for an apartment block was demonstrated 
by San Elias Portet (2015) in the illustration below 
 Graphic 2: The impact on a LCA when choosing between the different electricity mixes, San Elias 
Portet (2015)  	  
 24 
Nearly	  Zero	  Energy	  Buildings	  
 
A very central target in the EPBD recast is the concept of Nearly Zero Energy Buildings (NZEB). The 
directive specifies that by 2018 all new state owned buildings should be NZEBs, and by 2020 also all 
other new buildings. The directive defines NZEB as a building that has a very high energy performance. 
The nearly zero or very low amount of energy required should be covered to a very significant extent by 
energy from renewable sources, including energy from renewable sources produced on-site or nearby. The 
energy performance of a building shall be expressed in a transparent manner and shall include an energy 
performance indicator and a numeric indicator of primary energy use, based on primary energy factors per 
energy carrier, which may be based on national or regional annual weighted averages or a specific value 
for on- site production.  
To this day a few countries have developed and published their requirements or 2018/2020. This has a lot 
to do with the fact that the requirements are suppose to be set at a cost-optimal level, calculated according 
to the EU Cost-Optimal Regulation (244/2012). The cost-optimal regulation takes into account the costs of 
materials, technical installations, energy costs etc. It is difficult to estimate these costs in 2020, and it is 
especially difficult to determine how the development of more efficient technology will be. Also, as seen 
in Norway when the old energy performance requirements were published in 2007, strict energy 
requirements can be a significant force for development of new technology and lowering prices on new 
technologies. This was especially the case regarding windows, which were subject to much stricter 
requirements than before. This provoked a technological development of windows with better U-values. A 
standard window is a window with a U-value of 1,2. A push for even lower U-values was seen when the 
passive house standards NS 3700 and 3701 were published. It is now common to find windows with u-
values as low as 0,7.  
Therefore, if requirements for 2020 are set today, they might be outdated by 2020. While it is important to 
let the construction industry know what the requirements are going to be some time before they are 
published, it is also important to set robust requirements that will stand the test of time, especially when 
setting requirements for primary energy use which is necessary for reaching the objective of the directive. 
Reaching zero energy demand is very difficult and very costly if only using passive solutions such as 
better insulation. Technical installations lowering the primary energy use such as heat pumps, solar 
collectors, PV-panels etc is essential to meet this target. Knowing the capacity and quality of these 
installations is therefore important when setting the minimum energy performance requirements so that 
the requirements. If these capacities are not known, using superior technical installations and thereby 
constructing far less robust building envelopes can meet the minimum requirements. This is not a 
sustainable solution in a lifecycle perspective, as technical installations have shorter lifetime than a 
building as a whole and passive building components such as mineral wool. Technical installations also 
need to be properly maintained in order to function optimal. It is also less costly to change technical 
installations than to refurbish a building envelope. 
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The EPBD says that the methodology chosen by the member states shall be laid down taking into 
consideration at least the following aspects:  
(a) the following actual thermal characteristics of the building including its internal partitions:  
(i) thermal capacity;  
(ii) insulation;  
(iii) passive heating;  
(iv) cooling elements; and  
(v) thermal bridges;  
(b) heating installation and hot water supply, including their insulation characteristics;  
(c) air-conditioning installations;  
(d) natural and mechanical ventilation which may include air-tightness;  
(e) built-in lighting installation (mainly in the non-residential sector);  
(f) the design, positioning and orientation of the building, including outdoor climate;  
(g) passive solar systems and solar protection;  
(h) indoor climatic conditions, including the designed indoor climate;  
(i) internal loads.  
4. The positive influence of the following aspects shall, where relevant in the calculation, be taken into 
account:  
(a) local solar exposure conditions, active solar systems and other heating and electricity systems based on 
energy from renewable sources;  
(b) electricity produced by cogeneration;  
(c) district or block heating and cooling systems;  
(d) natural lighting. 
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Previous	  researches	  
 
Melvær (2012)  evaluated the life cycle performance of two passive buildings and two low 
energy buildings that are all part of the housing cooperative Løvåshagen, Bergen. The performance of the 
Løvåshagen buildings was found lower than that of other case study buildings, even lower than some 
conventional single-family buildings. The difference between the Løvåshagen house models is also less 
than expected, mostly due to a particularly low passive house performance. It was suspected that this 
originated from an exceptionally low solar collector performance for the year of the measured 
consumption data. But there is significant uncertainty related to this data, due to unpredictability of 
climatic conditions and human behaviour. The overall low performance compared to literature may further 
be explained by a higher level of detail for the LCA performed in this study than most LCAs, and a 
suspected general trend of over-estimating the performance of buildings. Assumption on electricity mix 
were found to highly influences the results, and the performance difference between the house models 
becomes significantly higher when assuming the European mix than when assuming a Nordic or 
Norwegian mix. Replacement of normal concrete with a low-carbon version lead to significantly lowered 
embodied carbon, but was found to be of little significance in the life cycle perspective. Substituting 
concrete with wood could be efficient for reducing climate change impacts, and even more efficient for 
reducing toxicity impacts. Alternative solar collector solutions, or alternatives to solar collectors, could be 
good for reducing toxicity and eutrophication impacts. Waste treatment methods should be evaluated as an 
alternative to material substitution, as they can have a central influence on life cycle impacts. (EPD-
Norge.no) 
 
Spiegel (2014) contributes to the growing body of literature for LCA of public buildings in Norway. The 
cumulative energy consumption for the passive school was found to be 27 GJ eq per m2, and is 11% lower 
than the energy demand of the TEK10 school over the same lifetime. Put in another way, the lifecycle 
energy consumption of 150 kWh/m2/year over a 50 year lifetime, and was found to be in line with results 
for school buildings presented in the literature. The energy use from the operation phase of the building 
had the highest impacts for most of the indicators. Energy use during the operation phase had the highest 
impacts for most of the indicators that were studied. 
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(Dahlstrøm, 2011) compared a single-family house built in compliance with the technical building 
requirements from 2007 to a comparable passive house. Both houses had the same heating system. 
The study found that passive houses are the more environmentally beneficial the more impact intensive 
the consumption electricity mix is. The Norwegian electricity mix is considered in one scenario, and, 
when not including the effect of exporting excess energy to other regions, operating impacts to climate 
change for both the houses are almost equal. The main conclusion was that the passive house is 
environmentally beneficial compared to the TEK07 house. Several scenarios and sensitivities are 
performed, but the results from these tests change mostly the total impacts for both houses and not the 
relative difference between the houses. When considering the increased climate change impacts from 
material production and house construction, together with the reduced impacts from electricity 
consumption, the environmental offset time for the passive house, compared to the TEK07 house, is 
theoretically 5 years, 1 month and 20 days.  
This means that when constructing a passive house and assuming both houses are using the same electrical 
heating system, it takes only 5 years before the increased material production and transport for the passive 
house are equalized to the TEK07 house climate change impacts.  
 
Sørnes (2011) compared a conventional house built in compliance with the technical building 
requirements from 2007 to 3 similar passive houses with the same heating system based on electricity and 
biomass. In terms of potential climate change, the improvements were 34-35%. Improvements were even 
larger when renewable energy supplies as solar collector systems or air-to-water heat pump was taken into 
the calculation, resulting in almost half the CO2 eq output compared to conventional house. Delivered 
electricity to the heating systems during operation is the main key to emissions during the use phase. 
Choosing a balanced ventilation system with 80% heat recovery was found to have large environmental 
benefits due to the installation of an efficient heat exchanger. The energy consumption and potential 
harmful emissions resulting from the electrical energy used by fans during the 50 year life cycle far 
exceed the environmental impacts that result from manufacture and transportation of the ventilation unit. 
Only a 15% heat recovery rate is needed to exceed the initial impacts when installed in a conventional 
house, as opposed to 42% in the passive houses. 
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Nearly	  Zero	  Energy	  Buildings	  in	  Norway	  
 
Norway has yet to define its NZEB requirements. Several research reports (Rambøll, 2013) have intended 
to define a level or set of requirements but they have yet to be confirmed by the authorities. It seems clear 
that Norway as one of a very few European countries will have to leave the net energy need system 
boundary and move on to a delivered energy boundary, it being a weighted primary energy boundary or 
simply delivered energy. Probably it will have to be the first one in order to meet the requirements set in 
the EPBD. 
By using the primary energy system boundary, Norway will have to develop its own primary energy 
factors, as it is not realistic to use the general European factors defined in the annex of EN 15603. The 
Norwegian energy system is different than in most European countries, most electricity come from 
hydropower, and installing boilers for fossil fuels has been banned in the new technical requirements as 
from 1.1.2017. It is still being debated how primary energy factors shall be calculated in Norway, which 
of the existing methods that should be used and whether the factors are politically decided or not. Using 
the calculation method as outlined in EN 15603 opens for interpretation and one is free to change the input 
data. 
Regardless of the chosen system boundary, it is uncertain how one is to define nearly zero as a value 
expressed as delivered, primary or weighted energy. How near zero is near enough to call it a cost-optimal 
level? This will be based on an assessment based on available technology and its costs versus energy costs 
and its environmental impact. 
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Accumulated	  emissions	  
 
Dahlstrøm (2011) and Sørnes (2011) both compared very typical conventional single-family houses and 
the passive house versions of the same houses in their studies. Their LCA data has been used in this study, 
as well as various energy performance calculations where some can be found in the appendices. 
 
 
  Graphic 3: Accumulated emissions 
From this graphic we can read that although the passive house has a little bit higher emissions at year 0, it 
is soon passed by the TEK07 house when it comes to accumulating emissions due to higher energy need 
in the operational phase. 
It is important to remember that Dahlstrøm (2011) used the Nordic electricity mix for Norwegian 
production and household electricity consumption. 
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Discussion	  of	  results	  
As seen from the energy performance calculations, a passive house construction (according to NS 3700) 
dramatically reduced the heating needs of a building in a Norwegian climate. By adding an ordinary air-
to-air heat pump, the building will only have a need for about 5 kWh/m2*year delivered energy for heating 
purposes. Even less heating need is detected if installing a higher capacity geothermal heat pump. 
By performing sensitivity analyses regarding which component or building system did contribute most to 
the improvement in energy performance it has become evident that there are certain measures that are 
much more efficient from a technical perspective and from a cost-efficiency perspective, which is how the 
NZEB requirements should be calculated according to the EPBD. 
The measures that have been assessed are based on today’s technology. It is clear from a technical point of 
view that for example Vacuum insulated panels (VIP) has very good thermal performance and occupy 
little space compared to traditional mineral wool, but they are too expensive to be able to compete with 
traditional products in the general market. 
 
 
 
 
 
 
 
 
 
 
As seen in the graphic, the u-value of a wood based wall construction does not decrease very much by 
adding 10-15 cm extra mineral wool. Adding this amount of extra insulation also signifies more embodied 
energy and lost floor space for developers and occupiers. It is therefore neither cost-optimal nor LCA-
optimal to choose a passive house wall as a minimum requirement for NZEB buildings. 25 cm mineral 
wool will be more or less a U-value of about 0,18 W/m2K, which will be an optimal solution. 
The same assumption can be made regarding roofs and floors on the ground.  
Regarding windows and doors, setting the requirements for an average u-value of 0,8 W/m2K seems both 
like the technical and LCA-wise best solution. It is important to pay attention to what type of gas is used 
Graphic 4: Change of U-value with increased thickness of mineral wool 
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between the glasses some gases need more energy to be produced than others. Whether it is best to use 
double or triple glazed windows is also a discussion. LCA-wise it is better to use a double glazed window, 
but double glazed windows doesn´t perform as well under low temperatures and strong wind. There is not 
much research regarding this problem available, so this area needs more focus in the future. 
For air tightness it is obvious that there has been a huge focus on this within the industry because of the 
passive house standards NS 3700 and NS 3701, in addition to a mandatory blower door test that was put in 
effect from 1/1-2013. 0,6 air changes per hour at 50 Pa is now a common practice and is a very effective 
measure in a life cycle perspective because it requires very little additional materials. The only additional 
cost for this measure is the proper training of construction professionals and some extra time during 
construction and control. This might represent a significant economic, especially at first, but as this 
measure has already been put in place in the new energy requirements from 1.1.2017, by 2020 most 
professionals will have received proper training. 
Ventilation is a critical measure for modern buildings. It is important for the energy performance of the 
building, but it is also very important for the quality of the indoor climate and thus the quality of a 
building as experienced by its owner and users. There is a lot of innovation going on in this area, 
hopefully we will see new and innovative solutions soon to come. Demand Controlled Ventilation, DCV, 
is key to reach NZEB targets. This means ventilation systems will be more and more advanced, 
automatically controlled by sensors and expected occupancy. When one makes a few adjustments to the 
ventilation system while performing energy performance calculations, i.e. air volume, SFP, heat recovery 
rate etc, one will have very differing results. There are more and more LCA data for ventilation 
components and systems available, and regarding office buildings there has been calculated an optimal 
duct dimension for ventilation systems: The optimal dimension of the duct work system depends on 
operation hours, lifetime and electricity-mix used in fan and in the LCI-data for the components. With an 
operation time of 12 hours a day for a year and a lifetime of 30 years, the optimal duct dimension is found 
to be 160 mm for both UCTE and NORDEL electricity-mix and 125 mm for Norwegian electricity-mix. 
(Schau, 2013) When designing at optimized ventilation system it is important to take into account not only 
energy efficiency during operation and embodied energy found in components, one must also take into 
account the direct consequence each parameter has on the indoor climate. A smaller duct might reduce the 
environmental impact from the materials, but will increase the SFP and the amount of energy going into 
the fan. Reducing the duct also has an impact on the amount of energy needed to move enough air around 
so that the requirements regarding indoor air quality can be met. All these parameters must be taken into 
account when designing an optimized ventilation system. 
By reducing the amount of ventilation air going into a building the energy performance will increase 
drastically, especially in office buildings. The savings will come as both reduced heating and cooling of 
ventilation air. 
Heat recovery rate is based on the available technology of today. It is now possible to reach 90% heat 
recovery in office buildings with the best technology available. For multi-family residential buildings this 
high recovery rate is not recommended, as a rotating heat recovery unit is needed. A rotating heat recovery 
unit will increase the potential of transferring kitchen odor from one occupant to the other.  Buildings such 
as hospitals and medical centers should not use the full potential of heat recovery from ventilation air due 
to the risk of spreading infections and viruses.  
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To increase the heat recovery rate in low energy projects, it is common to use a larger size heat recovery 
unit to reduce the speed of the air passing the unit. This might have implications on the embodied energy, 
but this has not been analyzed here.  
If reducing the amount of ventilation air as specified in the previous point, it might not be a very good idea 
to also set high requirements for heat recovery of the ventilation air as this has not been proved a fully 
good solutions as of yet. This might lead to a lower quality indoor climate, which is not wanted. More 
research is needed within this field. 
Increased heat recovery from ventilation air is a very cost-efficient measure (Multiconsult, 2014), and 
there will probably be even more efficient technology developed as we approach 2020 and the NZEB 
goals around Europe. Higher heat recovery rate may help building designers reaching the future NZEB 
requirements. 
A better specific fan power (SFP) –factor is also a cost-effective measure, and it is possible to better levels 
than the normal today. With todays technology one can reach an SFP of 1,0 for optimal designed office 
buildings and 1,4 for detached houses. It is important to remember that SFP, heat recovery rate and the air 
volume are closely attached to each other. 
When reducing the energy needed for heating, one is also reducing the need for complex heating and 
systems. This may reduce costs and embodied energy from installations by a large amount. It has been a 
well-established “truth” than one can´t heat a building just by using ventilation air with higher temperature 
as this will lead to far worse thermal comfort and unstable heating. As concluded by Thunshelle et al 
(2015), low energy and passive house building can now fulfill the heating demand by using ventilation air 
with a slightly higher temperature than normal. Good thermal comfort was experienced during the 
research period. If this is the case for more and more buildings, there will be no need to install a separate 
heating system if the required comfort level of the building can be reached by simpler installations. 
As confirmed by several of the cited papers, a majority of the owners and users of low energy houses and 
buildings have a much higher energy consumption than what was calculated. As pointed out earlier, this 
may have to do with the proportional low economic cost it has to reach a level of comfort that would be to 
costly if not living in a building with high energy performance. It is also quite simple to reach high indoor 
temperatures when having installed hydronic heating. What impact the high indoor temperature will have 
on the lifetime of wooden based products such as wooden flooring is unsure. There is a possibility that the 
floor will have to be maintained and changed more frequent than what has been calculated in the LCAs. 
Most LCA analysis puts a lot of effort into calculating accurate embodied energy and emissions from 
materials. Less emphasis is put on the energy supply and energy system of the building. High quality, 
efficient technical building installations such as ventilation, fans, heating and cooling systems is key to 
design a nearly zero energy building.  
Independently of being a detached single-family house or a massive non-residential building, heat pumps 
with a high COP can dramatically decrease the amount of delivered energy and hereby the emissions from 
the operational phase. Also solar thermal collectors and efficient PV-panels can in sunny regions 
contribute significantly to decreasing the amount of delivered energy. As this and other technology is 
further developed, the remaining need for delivered energy can be minimized. Embodied emissions from 
these installations will also have to be accounted for as well in a LCA. 
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Most LCAs and energy performance calculations tend to over-estimate the energy performance of low 
energy buildings, as demonstrated by Melvær (2012) After all these are only calculations based on 
estimated comfort indoor temperatures, occupancy, hot water use and other variables. As people tend to 
prefer a warmer indoor climate in winter and a cooler in summer due to outdoor weather conditions, this is 
no surprise. A busy family with adolescent children will also use a lot more hot water than what is 
expected. As energy savings is mostly a question of economic costs for the average building user/owner, 
indoor comfort temperature is closely related to ones economic situation. As low energy houses overall 
lowers the heating and cooling costs, it is not surprising that this leads the building user to increase his 
comfort. As more and more measured data from low energy buildings become available, there might be a 
need for input data to change in order to have the estimated energy need closer to actual energy use. 
Nevertheless, it is very important taking this into account when designing the energy supply system.  
For buildings relying on electricity as its source of operational energy, it is also important which 
electricity mix is chosen as demonstrated by San Elias Portet (2015). There is a significant difference 
between the Norwegian and European mix, also between the Norwegian and Scandinavian mix. As 
Norway is now a net exporter of electricity, 99% coming from hydropower, it is also a question whether 
the Scandinavian mix is relevant. Although there are periods of the year were electricity is imported, 
whether to use a yearly, monthly or daily balance to develop a correct electricity mix is an ongoing debate. 
The technically most accurate method would be to use a statistically updated consumption mix, but this 
also raises political questions whether Norway should export its hydropower or save it for later internal 
use.  
	  
Collective	  systems	  and	  centrally	  produced	  energy	  vs	  locally	  produced	  energy	  
The discussion regarding collective systems and centrally produced energy versus locally produced energy 
seems like a never-ending discussion. It is clear that Europe as a whole will have to have more electricity, 
heating and cooling locally produced from renewable sources in order to meet the goals set for reduction 
in CO2 emissions by 2020 but also what is to come due to the Paris agreement of December 2015. In some 
regions it may be an alternative for self-sustaining producers of energy to stay of the grid, but for the most 
part there are too high variation in outdoor climate throughout the year. This thesis does not aim to take 
part in the discussion whether it is better to continue to upgrade already fairly robust grids of electricity 
and natural gas or to promote decentralized solutions. This thesis recognizes the debate, and believes there 
is a way these systems can complement each other.  
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Robust	  building	  design	  
Buildings have long lifespan, but technical installations don`t. If not properly maintained and operated 
technical installations will have even shorter lifetime and be less efficient during operation. Performance 
will fall over time for products such as PV panels, where quality and proper handling is key to 
performance. After the sharp fall in prices for PV panels in the mid-2000s and the following PV boom 
several panel owners are now experiencing a sharp fall in effectiveness, electricity production and will 
have to replace their panels to continue receiving the calculated energy production from their panels. 
(www.ing.dk, 2016) 
PV panels of good quality can have a technical lifetime of 30-40 years but experts have started seeing 
affordable panels with lifetimes as short as 5 years being installed in Africa. It is possible that these PV 
panels also are being installed in Europe especially in residential buildings where the owner is a non-
professional entirely dependent on the salesman and installer. (www.tu.no, 2016) 
In general, the service lifetime of buildings, building components and materials are dependent on many 
different factors. The relevant service lifetime when looking at emissions over the lifetime of a building is 
compromised of several different aspects: 
To determine expected lifetime of an entire building is a difficult task and has to take into account various 
factors. Bergsdal et al. (2007) and Sartori et al. (2008) used expected lifetime of buildings between 75 and 
125 years in their analysis based on a higher demand for more energy-efficient buildings than what has 
been the case until now. 
 
The materials and construction products going into a building is chosen depending on factors such as 
durability, location, function, climate, usage, aesthetics. It is essential to know how many times windows 
will be replaced during the lifetime of the building. When components are replaced, it is important to be 
aware whether the emissions from the replacement are calculated based on the current production 
emissions or calculated future emissions. As the EU especially and the rest of the world in general are 
going towards a more renewable energy mix, confirmed in the Paris agreement of December 2015, it 
probably will be correct for replacements’ emissions to consider a electricity mix with less CO2 emissions 
and more energy-efficient production processes. Future scenarios for emissions from replacements are 
seldom considered in lifecycle assessments for buildings.  
 
The EN 15978 (Sustainability of construction works. Assessment of environmental performance of 
buildings. Calculation methods) specifies how to calculate the number of replacements of a product. The 
standard also takes into account whether it is probable that a product will be replaced when the building is 
approaching its end of life. This has to be considered in each case, and the economic situation and 
calculations made by the building owner will be an important factor deciding whether to replace or not. 
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One factor is the calculated service lifetime of a product, another important aspect is the actual service 
lifetime of the product.  Based on market research performed by the renowned research center 
Prognosesenteret, the real lifetimes for the construction parts, flooring, inner wall coverings and inner wall 
surfaces in Norway are listed for different building types in The table also includes the expected technical 
lifetimes for the construction parts. 
 
 
  Table 5: Technical and real lifetime for building elements. 
 
The table shows that in some cases the actual service lifetime is longer than the expected technical service 
lifetime; for example, for windows it is on average over 40 years, but the estimated lifetime is often set to 
30 years. However, in other cases it is shorter, for example with roofing in commercial buildings the 
service lifetime is around 20 years as opposed to the expected 30 years. 
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Technical equipment such as heat pumps and PV panels has limited service lifetimes and must be properly 
maintained and adjusted during its lifetime in order to work properly and as specified in the product 
documentation.  After having undergo major refurbishments, various parts and components of an existing 
building has been reused. This is also recommended in order to lower the emissions from the specific 
refurbishment project. But according to EN 15978 the emissions allocated from the previous use to the 
new building should be allocated according to the percentage of the estimated remaining technical 
lifetime. (Kristjansdottir et al (2014) However, this has not been a focus point in this master thesis and is 
considered a topic that needs more research in the future. 
 
A common concern for regulators when designing minimum requirements is the possibility of loopholes 
and sub-optimization of building design. There is a need for control over what is being built, but also a 
need to give the architects and engineers room to find good solutions for the building as a whole, 
including more parameters than just the embodied and operational energy. Therefore it is important for 
building designers to follow the principles laid out by the EU in the EPBD, first reduce the energy need to 
a minimum and cover the little energy needed with energy from renewable sources.  
	  
The potential for installing PV systems should be analyzed in each project based on geographical location, 
local weather conditions, cost-efficiency and life cycle assessments. It is important to remember that while 
receiving little sun during the winter months, PVs work better in cooler conditions than in hot, the amount 
of sun is fairly high when the electricity price traditionally is at its highest during late winter and spring 
months. It is also worth noting that clear skies is important for the production capacity of the PV 
installation, many places in north-eastern Sweden has more solar hours than central Germany. (Kleven et 
al (2014)  
The NZEB requirements already or to be launched by European governments in the years leading to 2020 
will only have focus on the operational energy. For the construction industry to contribute to actual 
reductions in CO2 emissions it is important taking into account embodied emissions over a building´s 
lifetime. 
To be able to calculate precise embodied energy in buildings there would ideally be an extensive 
operational database for all construction materials and technical system components used in different 
countries, ideally a database for each country. The database should be based on consistent and robust 
methodological approaches for all of the different inputs. Such a database does not exist at the moment, 
current embodied emissions calculations are based on the assumed best currently available environmental 
data. These data might include specific information from producers, EPDs, generic databases, scientific 
articles or available facts and statistics. One could argue that product specific EPDs would be the most 
precise data, but EPDs are developed by consultants who will have to make choices during the assessment 
process. According to Holthe et al. (2011) some researchers and consultants use the production electricity 
mix for Norway based on an average for the last three years, while others use the Nordic electricity mix 
with a higher emission factor. For new EPDs in Norway one can choose between the energy mix as 
specified in ecoInvent v3 or a specific factor if the manufacturer is buying electricity from a supplier who 
sells electricity with a guarantee of origin. Which option is chosen should be addressed in the EPD. 
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Conclusions	  
The results discussed in the previous chapter has shown that even though the passive house concept 
drastically reduced the energy needed for heating when it was developed in Germany in the 1990s, it is not 
at a Cost-optimal level in Norway as of yet. In addition to simple payback calculations, one must also take 
into account the lost space and increased use of materials when building at a passive house level.  
Emissions from a building can be divided in two categories. Emissions from the materials in the 
construction phase on one hand, and from operational energy use on the other hand. An important part of 
the emissions due to materials occur during the construction phase, whereas emissions related to 
operational energy occur little by little every year during operational years. But it is important to count 
emissions from materials during the operational years, which will occur when the building is maintained, 
repaired and refurbished. The frequency of replacing the various components is shown in the last chapter. 
It is also important to take into account end-of-life and waste handling of substituted products. Whether 
operational energy or embodied energy in materials contributes most to buildings emissions depends on 
the choice of materials and products, the choice and availability of energy supply and the energy 
performance of the building envelope. Local climate conditions and available local energy sources also 
play a very important part.  
Therefore a lot of factors have to be taken into account when choosing building method and products. 
There might be cases where products with lower emissions from the production phase will have 
decreasing performance over time or having to be replaced sooner than products with higher initial 
emissions. There are also other factors to be taken into account. Indoors climate including natural light, air 
quality, humidity, and possible mold etcetera must also be taken into account, as well as possible harsh 
weather conditions with a lot of rain and wind. Areas such as Bergen, Norway, experience months with 
rain occurring every day. It is therefore important to take this into account when designing buildings with 
low emissions over its life cycle. 
Even though there are various types of environmental impacts from building, it is most probable that a 
government regulation related to CO2 emissions on a building level is a natural next step for regulations as 
soon as the NZEB requirements has been put in place by 2020. 
Although the use of EPDs encouraged, as the data for the specific product is more precise than data 
generated from a database, it is important to remember than the PCRs and EPD framework opens for 
interpretation from the consultant developing the EPD. A stricter set of PCRs and a clearer framework for 
developing EPDs, at least within a geographical zone such as a country, would make EPDs more useful to 
deisgners when choosing product.  
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When considering the environmental impact from embodied energy versus energy for operational use, it is 
very important to have good emission data regarding the available energy sources used in both production 
and operational use. For example regarding electricity, the use of a general European mix CO2 factor will 
be imprecise in most cases, as will the use of CO2 emission factors based on the “guarantee of origin”-
system. The impact of this system is not taken into account in many countries and we can experience that 
CO2-free electricity can be accounted for twice, both in the country of production and in the country who 
has purchased the guarantee of origin. This may lead to sub-optimization of building design and choice of 
energy supply, especially in countries where the electricity mix is dominated by energy sources with high 
CO2-emissions but where guarantees of origin is purchased in order to make the electricity appear 
“cleaner”. 
Model	  for	  optimal	  design	  of	  NZEBs	  with	  low	  life	  cycle	  CO2	  emissions	  	  
There is a steadily increasing amount of LCA studies of buildings, both in Norway, Spain and other 
countries. Although they are based on the same standards and framework, the quality of input data and the 
choices made by the researchers and consultants can still have large impacts on the results. For 
governments to be able to meet with the targets set in the Paris climate agreement of December 2015, it is 
important that the construction industry takes into account a broad specter of its sources of emissions. In 
order to be able to design the most environmentally friendly buildings that will stand the test of time this 
thesis proposes to follow a three-step method: 
• A robust, durable, cost-efficient building envelope with low CO2 emissions. New technologies 
replacing the least environmentally friendly materials such as low emission concrete has great 
impact on the final embodied energy. 
• Emphasize on the optimal design of technical building systems such as ventilation, heating and 
cooling. Proper maintenance is very valuable for performance over time. 
• Heating and cooling systems should be based on LCA calculations. Installation costs should also 
be taken into account. The weighting of the electricity mix should be based on either the local 
(country) consumption or the local (country) production mix. Using general European mix or 
mixes based on bigger regions might lead to sub-optimization of the building and especially 
heating and cooling systems.  The future of the European electricity market is uncertain, but it is 
sure that more and more renewable electricity will be put into the grid in the future. Taking that 
into account when conducting LCA analyses for a building with a long lifetime is not an easy 
task. 
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Further	  research	  
 
Further research is needed within life cycle assessments of nearly zero energy buildings. As NZEBs are 
yet to be defined in most countries, it is difficult to find this kind of research. It now exists various studies 
regarding passive houses or buildings with very low energy demand, but these buildings are probably not 
the ones of the future as they seldom are cost-efficient. They are generally higher performing LCA-wise 
than conventional buildings, but this has a lot do with the energy calculated for the operational phase. To 
be able to make wiser decisions when designing the buildings of the future we need more research within 
this topic  
 40 
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Appendices	  
 
A)	  –	  Input	  and	  output	  data	  for	  energy	  performance	  calculations	  of	  conventional	  single-­‐
family	  house.	  	  
 
Output 1A is with a 100% delivered electric energy. Output 1B with a air-to-air heat pump with 70% load 
coverage. 
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 47 
B)	  –	  Input	  and	  output	  data	  for	  energy	  performance	  calculations	  of	  a	  typical	  single-­‐
family	  house	  in	  compliance	  with	  the	  passive	  house	  standard	  NS	  3700.	  	  
 
Output 2A is with a 100% delivered electric energy. Output 2B with a air-to-air heat pump with 70% load 
coverage. 
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C)	  –	  Input	  and	  output	  data	  for	  energy	  performance	  calculations	  of	  a	  typical	  single-­‐
family	  house	  with	  cost-­‐optimal	  properties.	  	  
 
Output 3A is with a heat pump with 60% load coverage, output 3B is with 100% electricity coverage, and 
output 3C is with a heat pump with 80% load coverage. 
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